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Introduction
Interest in the effects of globalized production on national economies has been heightened in recent years by the rapid growth in direct investment. Research directed at assessing these effects is, however, often limited by the scarcity of relevant data. While most home and host countries maintain data on direct-investment-related capital and income flows, which show the amount invested and the returns on that investment, relatively few countries provide information on the operations of direct investment enterprises. Statistical agencies in a growing number of countries are trying to fill the data gap by collecting data on the scale and activity of multinational companies (MNC's)--such as MNC assets, production, and employment--in addition to the data needed to construct the international economic accounts.
The Bureau of Economic Analysis (BEA) of the U.S. Department of Commerce is a pioneer in this area. BEA collected its first data on the foreign operations of U.S.-based MNC's for the year 1950 and on the U.S. operations of foreign-based MNC's for the year 1974.
These data are the basis for BEA estimates of the gross product, or value added, of foreign affiliates of U.S.-based MNC's and of U.S. affiliates of foreign-based MNC's. 1 Gross product measures a firm's production, exclusive of inputs received from outside suppliers. Affiliate gross product estimates provide insight into the significance of affiliates within their MNC's and within their host economies. For example, the ratio of gross product by foreign affiliates to host-country gross domestic product measures the percentage of hostcountry GDP originating in the affiliates.
The gross product estimates for foreign affiliates of U.S. MNC's are based on data collected in BEA surveys. BEA asks survey respondents to report the data for foreign affiliates in U.S. dollars even though the company records containing the data are often denominated in foreign host-country currency. Survey respondents are asked to translate foreign-currency-denominated values to U.S. dollars at market exchange rates. BEA's current dollar data on the operations of foreign affiliates (including the estimates of the gross product of foreign affiliates) are based on the dollar-denominated values reported by the survey respondents.
Until recently, comparisons of the estimates of gross product of foreign affiliates of U.S. MNC's, across countries or over time, have been subject to valuation effects. The estimates could not always be accurately compared across countries because market exchange rates do not ensure that the values of a given bundle of goods and services in any two foreign countries will yield an equal value when translated from those countries' respective currencies into a common base currency (in this case, the U.S. dollar). Nor could the foreignaffiliate gross product estimates always be accurately compared across time because they were not adjusted for price changes. This paper presents a method developed by BEA to remove the valuation effects from its gross product estimates for foreign affiliates of U.S. MNC's. The methodology draws on the advancements in sources and methods for international gross domestic product comparisons that have occurred over the last 45 years. These advancements include the 3 development of purchasing-power-parity (PPP) exchange rates, which are exchange rates that reflect the actual purchasing power of currencies. 2
The remainder of the paper is divided into four sections. The first section describes the available statistics of the foreign activities of U.S. MNC's and explains why gross product is a preferred summary measure for many purposes. The second section describes BEA's method for estimating the gross product of U.S. companies' majority-owned foreign affiliates in terms of current U.S. dollars. The third section describes BEA's method for estimating the real gross product of U.S. companies' majority-owned foreign affiliates in manufacturing.
The final section assesses the accuracy of the real gross product estimates.
Statistics on the Foreign Activities of MNC's
Traditional balance-of-payments and international investment measures of U.S. direct investment abroad--such as direct investment capital flows and positions--track transactions between U.S. companies and their foreign affiliates and the cumulative value of U.S.
companies' investment in their affiliates. These data are essential inputs to the major U.S. economic accounts: The balance of payments accounts, the U.S. international investment position, the national income and product accounts, and the input-output accounts. They are, however, at best only rough indicators of the scale of the foreign operations of U.S. MNC's.
Direct investment capital flows, for example, may not fully reflect all of the growth in the 2 Purchasing-power-parity exchange rates approximate the number of foreign currency units required in a country to buy goods and services that are equivalent to those that can be bought in a base country with one unit of base-country currency. They are derived by comparing the domestic prices of goods and services in different countries. For example, in a hypothetical one-good, two-country world economy, the PPP exchange rate would equal the ratio of the price of the good in one country to the price in the other country; if the good sold for 10 currency units in country A and 1 currency unit in country B, the PPP exchange rate would be 10 units of country A's currency to 1 unit of country B's currency. However, in practice, the derivation of PPP exchange rates is much more complex because of the multitude of goods and services produced and because of the differences among economies in the relative importance of those goods and services. International organizations, primarily the United Nations and the Organisation for Economic Co-Operation and Development, provide operations of foreign affiliates because they cover only financing provided by the parent company in the home country; they exclude financing obtained from unaffiliated parties in the home country or from host-country and third-country sources. In addition, international conventions require that direct investment capital flows be classified in the foreign country of immediate destination, which may or may not be the ultimate destination of the funds. For example, if a U.S. company sends funds to a manufacturing affiliate in Hungary through a holding company the Netherlands, the associated direct investment capital flow would be attributed to the Netherlands even though the funds were to be ultimately used in Hungary.
Except for the small group of countries that tend to serve as locations for offshore financial centers or regional headquarters, however, a host country's level of affiliate activity can usually be at least roughly determined by direct investment capital flows and positions.
In addition to the traditional balance-of-payments and international investment data on U.S. direct investment abroad, BEA also collects a variety of indicators of the scale and activities of the domestic and foreign operations of U.S. MNC's. These data are collected to evaluate questions about U.S. MNC's that cannot be fully addressed by the traditional data alone, such as the effects of U.S. MNC's on the U.S. economy and on foreign host economies. The items collected include balance sheets, income statements, employment, trade in goods, capital expenditures, sales of goods and services, taxes paid, and expenditures for research and development. These data on U.S.-MNC operations are also used by BEA to develop estimates of U.S.-MNC gross product.
Current-Dollar Gross Product Estimates
BEA produces estimates of the gross product, or value added, of foreign affiliates in regular estimates of purchasing-power-parity exchange rates.
order to provide a summary measure of foreign affiliates' economic activity. Unlike sales, gross product is a nonduplicative measure that excludes the value of purchases from outside suppliers. Also, unlike assets or employment, it reflects the use by affiliates of both labor and capital.
BEA's gross product estimates for foreign affiliates are based on data collected in its annual survey of the domestic and foreign operations of U.S. MNC's. The estimates are limited to majority-owned foreign affiliates (MOFA's) because the necessary data items are not collected for other foreign affiliates. 3
Survey respondents are asked to report data for foreign affiliates in U.S. dollars, which, in most cases, requires the respondents to translate data that are denominated in a foreign affiliate's host-country currency to U.S. dollars. Income and expense items are translated using average market exchange rates for the year. 4
The method for computing the gross product estimates reflects the information available to survey respondents. There are two possible ways to compute the gross product of a firm--from the perspective of the products produced and purchased by the firm (the "product side") or from the perspective of the income generated by a firm's value added in production (the "income side"). On the product side, gross product is measured as the firm's total output (sales plus inventory change) less its purchased inputs. On the income side gross product is measured as the sum of the income generated by the firm's value added in production. As noted in Stone and Stone (1977) , "Most of [the income] in the form of wages, 6 salaries, profits, interest and rent, goes to the factors of production as a reward for their primary inputs; a smaller part goes to the government in indirect taxes; and the remainder goes to provide for depreciation." BEA computes gross product of foreign affiliates on the income side because the survey respondents can readily obtain the necessary data from their accounting records (table 1) .
The gross product estimates have been used to provide insights to the role of MNC's in the global economy that would not have been possible with other measures. Lipsey, Blomström, and Ramstetter (1998) , for example, used the gross product estimates with data for other countries to show that MNC's have increased their share of world output since the 1970's. Mataloni and Goldberg (1994) used the gross product estimates with sales data to show that foreign affiliates (especially those in manufacturing) have been producing less of their output internally and increasing their reliance on outside suppliers.
The current dollar gross product estimates are, however, of limited use for comparisons of foreign-affiliate production across time or across countries. Changes in the current dollar estimates across time can reflect price changes, as well as changes in the volume of production. Differences in the current dollar estimates across countries can reflect relative exchange rate valuations as well as differences in the volume of production. Ideally, the host-country-currency denominated value of affiliate production of a unit of a particular good or service in different countries would translate to the same U.S. dollar value. In practice, this rarely happens because market exchange rates often do not reflect the true relative purchasing power of currencies. The current dollar estimates for a particular country will be understated at times when a given amount of that country's currency purchases less in the United States (when exchanged for dollars) than it does at home. Likewise, the current dollar estimates for a particular country will be overstated at times when a given amount of that country's currency purchases more in the United States than it does at home.
The effects of exchange rates on the current dollar gross product estimates can be seen by comparing changes in the current dollar estimates with changes in the estimates denominated in host-country currency and with changes in exchange rates. The case of German manufacturing affiliates in 1982-88 offers a typical example for the period (chart 1).
The current dollar estimates declined slightly when the dollar rose sharply relative to the German mark even though the estimates in current marks grew at a 2-percent annual rate, 5 thus, increases in the host-country-currency value of affiliate production were fully offset by dollar appreciation. Likewise, the current dollar estimates grew at a 19-percent rate when the dollar fell sharply relative to the German mark even though the estimates in current marks were essentially flat; thus, stability in the host-country-currency value of affiliate production was masked by dollar depreciation. The disparity in the patterns of the current dollar and current mark estimates cannot be fully explained by differences in price inflation because annual price inflation in the two countries, measured in producer prices, did not differ by more than a few percentage points in 1982-88 and was generally higher in the United States.
Real Gross Product Estimates
In an initial attempt to produce a measure of the foreign manufacturing activities of U.S. MNC's that is roughly comparable across time and across countries, BEA recently developed experimental estimates of the real gross product of MOFA's in manufacturing. The methodology for producing these estimates draws heavily from the tools and techniques for international GDP comparisons that have been developed over the last 45 years. 6
Two procedures were used to prepare the estimates of real gross product. A preferred procedure was used for the estimates for 19 major Organisation for Economic Co-Operation and Development (OECD) host countries that account for over three-quarters of the total gross product of MOFA's in manufacturing. A cruder procedure was used for the estimates for other host countries, because the data needed for the preferred procedure were unavailable.
OECD Countries
The real gross product estimates for MOFA's in 19 OECD countries were prepared in two steps . First, estimates for a base year (1993) were prepared using purchasing-power-parity exchange rates, in place of market exchange rates, to obtain levels that could be accurately compared across countries.
Product-specific, rather than economywide, PPP exchange rates were used because they are considered more appropriate for translating gross product for a particular group of industries, such as manufacturing industries. 7 For the 19 countries, PPP exchange rates for specific final consumption and investment expenditure categories were available from the OECD and were used in deriving the base-year estimates of real gross product for MOFA's in 6 A 1954 study by Gilbert and Kravis, comparing the GDP's of the members of the former Organisation for European Economic Co-Operation, was a turning point for international gross product comparisons because it made the comparisons based on purchasing power parities. Kravis, Kenessey, Heston, and Summers (1975) , extended this type of analysis to other geographical regions and founded the first organized effort to conduct these comparisons on a regular basis--the United Nations' International Comparison Project. This early research, and most of the subsequent research, focused on cross-country comparisons of total GDP. Increasingly, however, research in this area has focused on cross-country comparisons of gross product originating in selected groups of firms. The methodology developed by BEA is part of this newer branch of research 7 See, for example, Hooper (1996) . 9 these countries. 8
The estimates for the base year were derived as follows. First, the current-dollar estimates for each of the 19 OECD countries and for 7 major manufacturing industries (table 2, column 1) in each country were translated into current host-country currency by using the average market exchange rate for the year. Then the industry-level estimates for each country were translated back to U.S. dollars using the most appropriate PPP exchange rate (table 2, column 3). The data were then aggregated; the industry-level estimates for each country were summed to produce the base-year estimates by country, and the estimates for each country were summed to produce the base-year estimate for all 19 countries.
The second step in producing the real gross product estimates was to extrapolate the base-year estimates to other years using a measure of the change in real output. To do this, the current-dollar estimates at the country and industry level were translated into host-country currency using the average market exchange rate for the year. The resulting estimates by industry were then used, along with country-and industry-specific producer price indexes 9 (table 2, column 2) to produce a Fisher quantity index.
The Fisher quantity index (Q) measures the year-to-year change in real gross product for MOFA's in each country. The formula, shown below, uses producer price indexes to deflate the current-host-country-currency-denominated estimates, and computes the year-toyear change in the deflated estimates, using a chain-weighted index where the p's are prices in local currency, the q's are quantities, the i's are industries, and 1 and 2 are adjacent years.
8 The PPP exchange rates used in this study are from the OECD (1995).
Because the variables that represent the composites of prices in one period and the quantities in another (such as p i1 q i2 ) are not directly observable, the quantity indexes were actually computed using an algebraically equivalent formula consisting of combinations of prices and quantities of the same period (the current-local-currency estimates) and indexes of relative prices in the two periods (the ratios of producer price indexes). 10
The Fisher quantity indexes were used as the bases for extrapolating the dollardenominated PPP-based estimates for the base year (1993) to other years covered (1982-92 and 1995) .
The estimate for all 19 countries for each year was derived by extrapolating the baseyear estimate using a Fisher quantity index that aggregated across countries as well as across industries. 11 9 The country-and industry-specific producer price indexes are from the OECD's quarterly Indicators of Industrial Activities.
. The rewritten Fisher quantity index is as follows:
11 . In contrast to the computation of the index for each country, the current-local-currency estimates (such as P i1 q i1 ) for each country had to be translated to a common currency before they could be used in computing the index for the 19 countries combined. The current-local-currency estimates for all years were translated to US dollars using the PPP exchange rates for 1993, yielding dollar-denominated series that reflected host-country price conditions. Though not true PPP-based current-dollar series (because they reflected foreign rather than US price conditions), these dollar-denominated series had to be constructed as an intermediate step in deriving an extrapolator for the base-year aggregate.
All other countries
Real gross product estimates for all other countries were derived using a cruder method because of the limited availability of data. The estimates were prepared based on the assumption that market exchange rates tend to maintain purchasing power parity between these countries' currencies and the U.S. dollar. Therefore, the real gross product estimates were derived by simply deflating the current-dollar gross product estimates with the U.S. implicit price deflator for gross domestic product originating in manufacturing.
The assumption that market exchange rates maintain purchasing power parity between currencies is clearly naive, but certain factors precluded the use of the method followed for the 19 OECD countries. First, some of the most important host countries in this group experienced hyperinflation during much of the period being examined, and the use of the available average annual market exchange rates could not be relied upon to produce estimates that approximated the actual local-currency-denominated values. 12 Second, although economywide PPP exchange rates were available for many (if not all) of these countries, PPP exchange rates can be very imprecise and difficult to interpret for pairs of countries--such as the United States and many lower income non-OECD countries--for which the patterns of consumption and production differ so sharply as almost to preclude the construction of a common representative market basket of goods and services. Because of these methodological limitations, real gross product estimates were not produced for these countries individually.
Despite the widespread divergences of market exchange rates from PPP exchange rates, there is reason to believe that the cruder methodology provides reasonable estimates at 12 a highly aggregated level. Market exchange rates and PPP exchange rates may tend to converge over the long term, particularly for groups of countries (because the overvaluation of some currencies, in a PPP sense, may tend to be offset by the undervaluation of others). 13
In addition, the real gross product estimates tend to track long-term changes in MOFA employment with (as would be expected) a lead.
A Fisher quantity index for extrapolating the base-year estimates of all countries combined was derived using the same data and procedure used to create the index for the 19 OECD countries, except that the estimates for all other countries combined were included in the computation as an additional observation.
Accuracy of the Real Gross Product Estimates
The goal of the real gross product estimates is to accurately depict the level of production by foreign affiliates across time and across countries. The success of the estimates in meeting this goal can be roughly gauged by comparing changes in the real and current dollar gross product estimates with changes in market exchange rates. For example, when the exchange value of the U.S. dollar fell sharply in 1985-88, growth in the current dollar estimates abruptly accelerated (chart 2). In contrast, growth in the real gross product estimates was moderate throughout the period. The accuracy of the real gross product estimates for individual countries is most evident in the case of Japan. From 1982-95, when the U.S.-dollar price of the yen increased by a factor of 2½, the current dollar gross product estimates for Japanese affiliates grew by a factor of 6 and year-to-year changes closely tracked changes in the exchange rate (chart 3). Although the real gross product estimates also grew strongly over 13 Hakkio (1992) and Lothian and Taylor (1996) identify a tendency for market exchange rates to converge with purchasing-power-parity exchange rates over the long term. this period, the changes were more gradual and were more consistent with the pattern one would expect given changes in business conditions and the increase in direct investment flows. Moreover the changes in real gross product were more in line with another broad indicator of real growth in production-changes in employment by Japanese affiliates.
Areas for Future Research
Although the real gross product estimates have clear advantages over the current dollar estimates and over other measures of the operations of foreign affiliates, there is much room for improvement. The most obvious limitation of the estimates is their country and industry coverage. Estimates for individual countries are limited to 19 member countries of the OECD because those are the only countries for which data are available for the preferred methodology. Because the OECD has added several new member countries in recent years, however, the data may soon be available to derive separate real gross product estimates for affiliates in some of these countries. It may also be possible to develop country-level estimates for selected non-OECD countries by adapting the preferred methodology to reflect the limited price and PPP exchange rate data for these countries.
Expansion of the estimates to non-manufacturing industries, however, appears to be a more remote possibility. Not only are the price and PPP exchange rate data needed to revalue the current dollar estimates unavailable for most nonmanufacturing industries but the method used to derive the current dollar estimates may be less than ideal for some nonmanufacturing industries. Nevertheless, although BEA hopes to be able to refine the methodologies used to derive the real gross product estimates and to extend the estimates to new countries, a great deal has already been achieved; the initial estimates have resolved the major valuation problems and have improved our understanding of the country distribution of, and growth in, 
